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(57) ABSTRACT

The present disclosure describes systems for endoluminal
devices utilizing a sleeve for constraining an expandable
device toward a constrained configuration suitable for
endoluminal delivery to a treatment site along vasculature;
and a mechanism for retracting at least a portion of the sleeve.
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1
SLEEVE RETRACTION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Appli-
cation Ser. No. 61/610,389, entitled “SLEEVE RETRAC-
TION SYSTEM” and filed Mar. 13, 2012, which is hereby
incorporated by reference in its entirety.

BACKGROUND

1. Field

The present disclosure relates generally to endoluminal
devices and, more specifically, to endoluminal devices having
a sleeve.

2. Discussion

Endoluminal devices are frequently used to treat the vas-
culature of human patients. It is generally known to utilize a
flexible sleeve for constraining the device toward a outer
peripheral dimension or delivery configuration suitable for
endoluminal delivery toward a vascular treatment site. It may
be desirable to at least partially retract such a sleeve, for
example, a sleeve configured to remain in situ after deploy-
ment of the underlying endoluminal device, for example, so
as to prevent inadvertent obstruction of a branch vessel by the
sleeve. Clinicians may not be able to rely exclusively on
conventional imaging technologies to avoid such inadvertent
obstruction because, inter alia, (i) such imaging technologies
may not detect sleeves themselves, (ii) sleeves may not com-
prise radioopaque markers, and (iii) radioopaque bands or
other markers on endoluminal devices may not necessarily
correlate to the ends of sleeves. Thus, there is a need for
systems that provide such sleeve retraction characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the disclosure and are incorporated
in and constitute a part of this specification, illustrate embodi-
ments of the disclosure, and together with the description,
serve to explain the principles of the disclosure, wherein:

FIG. 1 illustrates a sleeve retraction system;

FIG. 2 illustrates a sleeve retraction system having a z-pat-
tern; and

FIG. 3 illustrates a sleeve retraction system having a z-pat-
tern, wherein a sleeve pull back line is engaged to a release
line.

DETAILED DESCRIPTION

Persons skilled in the art will readily appreciate that vari-
ous aspects of the present disclosure can be realized by any
number of methods and systems configured to perform the
intended functions. Stated differently, other methods and sys-
tems can be incorporated herein to perform the intended
functions. It should also be noted that the accompanying
drawing figures referred to herein are not all drawn to scale,
but may be exaggerated to illustrate various aspects of the
present disclosure, and in that regard, the drawing figures
should not be construed as limiting. Finally, although the
present disclosure can be described in connection with vari-
ous principles and beliefs, the present disclosure should not
be bound by theory.

Endoluminal devices are frequently used to treat the vas-
culature of human patients. These treatments or procedures
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are commonly referred to as intraluminal or endovascular
procedures. Such devices often include a sleeve.

With reference to FIG. 1, systems of the present disclosure
comprise a sleeve 100 for constraining an endoluminal
device, one or more deployment lines 110, and one or more
sleeve pull back lines 120.

As used herein, the term “sleeve” refers to a primary, sec-
ondary, tertiary, etc., sleeve, sheath, or the like, that constrains
an endoluminal device toward a collapsed configuration or
outer peripheral dimension suitable for endoluminal delivery
of the device to a treatment portion of the vasculature of a
patient.

For the purposes of the disclosure, the term “constrain”
may mean (i) to limit the expansion, either through self-
expansion or assisted by a device, of the diameter of an
endoluminal device or (ii) to cover or surround but not oth-
erwise restrain an endoluminal device (e.g., for storage or
biocompatibility reasons and/or to provide protection to the
endoluminal device and/or the vasculature).

Potential materials for the sleeve 100 include, for example,
expanded polytetrafiuoroethylene (ePTFE), polyester, poly-
urethane, fluoropolymers, such as perfouorelastomers and the
like, polytetrafiuoroethylene, silicones, urethanes, ultra high
molecular weight polyethylene, aramid fibers, and combina-
tions thereof. Other embodiments for the sleeve 100 material
can include high strength polymer fibers such as ultra high
molecular weight polyethylene fibers (e.g., Spectra®,
Dyneema Purity®, etc.) or aramid fibers (e.g., Technora®,
etc.). The sleeve 100 may include a bioactive agent. Any
sleeve which may be used to constrain an endoluminal device
is in accordance with the present disclosure.

As used herein, the term “endoluminal device” or “device”
refers to stents, grafts, filters, valves, anchors, occluders, and
other implantable devices, and also includes all of the fore-
going constrained in one or more sleeves.

As used herein, the term “line” refers to any type of string,
cord, thread, fiber, or wire, can comprise metallic, polymeric
or natural materials and can comprise conventional medical
grade materials such as nylon, polyacrylamide, polycarbon-
ate, polyethylene, polyformaldehyde, polymethylmethacry-
late, polypropylene, polytetrafluoroethylene, polytrifluoro-
chlorethylene, polyvinylchloride, polyurethane, elastomeric
organosilicon polymers; metals such as stainless steels,
cobalt-chromium alloys and nitinol; and high strength poly-
mer fibers such as ultra high molecular weight polyethylene
fibers (e.g., Spectra®, Dyneema Purity®, etc.) or aramid
fibers (e.g., Technora®, etc.).

Throughout this specification and in the claims, the term
“distal” refers to a location that is, or a portion of an endolu-
minal device (such as a stent-graft) that when implanted is,
further downstream with respect to blood flow than another
portion of the device. Similarly, the term “distally” refers to
the direction of blood flow or further downstream in the
direction of blood flow.

The term “proximal” refers to alocation thatis, or a portion
of an endoluminal device that when implanted is, further
upstream with respect to blood flow than another portion of
the device. Similarly, the term “proximally” refers to the
direction opposite to the direction of blood flow or upstream
from the direction of blood flow.

With further regard to the terms proximal and distal, and
because the present disclosure is not limited to peripheral
and/or central approaches, this disclosure should not be nar-
rowly construed with respect to these terms. Rather, the
devices and methods described herein can be altered and/or
adjusted relative to the anatomy of a patient.
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Throughout this specification and in the claims, the term
“leading” refers to a relative location on a device which is
closer to the end of the device that is inserted into and pro-
gressed through the vasculature of a patient. The term “trail-
ing” refers to a relative location on a device which is closer to
the end of the device that is located outside of the vasculature
of a patient.

In various embodiments, the deployment line 110 is suit-
ably configured to form a coupling 112 which closes the
sleeve 100 by coupling adjacent parallel edges of the sleeve
100. As used herein, the term “coupling” refers to any cou-
pling, stitch (e.g., a chain stitch), thread, weave pattern, etc.,
which may be used to close the sleeve 100, and which may be
released by applying tension to the deployment line 110.

In various embodiments, the sleeve pull back line 120 is
engaged to the coupling 112. As used herein, the term
“engaged” refers to a fixed or moveable coupling between at
least two elements, enabled by now known or as yet unknown
methods, for example, by compression, friction, knots,
sutures, holes, loops, rings, clips, or the like. In an illustrative
embodiment, the sleeve pull back line 120 is fixedly engaged
to the coupling 112 toward the proximal end of the sleeve 100.
The engagement between the sleeve pull back line 120 and the
coupling 112 may occur on the exterior of, the interior of,
and/or through the sleeve 100.

In various embodiments, the sleeve pull back line 120 is
further engaged to the sleeve 100. In an illustrative embodi-
ment, the sleeve pull back line 120 is moveably engaged to the
proximal end of the sleeve 100, for example, threaded
through a hole 122. Similar to above, the engagement
between the sleeve pull back line 120 and the sleeve 100 may
occur on the exterior of, the interior of, and/or through the
sleeve 100.

In various embodiments, the sleeve 100 is retracted from a
device by applying tension to the sleeve pull back line 120.
The sleeve 100 may be fully or partially retracted and may be
retracted equally along its axial length or equally and
“scrunched” at its proximal or distal end.

In addition, the sleeve pull back line 220 may be threaded
through a plurality of holes in the sleeve 200 to evenly dis-
tribute and/or multiply the tensile force applied to the sleeve
pull back line 120 on the sleeve 200. For example, and with
reference now to FIG. 2, the sleeve pull back line 220 may be
threaded through holes 222, 224, 226 in the proximal end of
the sleeve 200 in a z-pattern. The sleeve pull back line 220 is
shown with a solid line being on the exterior of the sleeve 200
and a dashed line being on the interior of the sleeve 200. In
this manner the tensile force applied to the sleeve pull back
line 120 can be multiplied, for example, by a factor of
approximately 2 or more.

In various embodiments, as tension is applied to the end of
the deployment line 210 and the coupling 212 is released past
a point of engagement with the sleeve pull back line 220, the
sleeve pull back line 220 is disengaged from the coupling 212.
Disengaging the sleeve pull back line 220 from the coupling
212 thereby breaks tension in the sleeve pull back line 220
and, consequently, sleeve retraction ceases. In addition, dis-
engaging the sleeve pull back line 220 from the coupling 212
renders the sleeve pull back line 220 removeable by an opera-
tor.

The relative timing of when disengagement of the sleeve
pull back line 220 from the coupling 212 occurs, and thus how
much the sleeve 200 is retracted by the sleeve pull back line
220, can either be determined manually or be preconfigured.

In embodiments where the disengagement is determined
manually, the deployment line 210 and the sleeve pull back
line 220 can be pulled sequentially by an operator. For
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example, tension can be applied to the sleeve pull back line
220 until the desired amount of sleeve retraction has occurred,
whereupon tension can be applied to the deployment line 210
to release the coupling 212 past a point of its engagement with
the sleeve pull back line 220, causing the disengagement of
the sleeve pull back line 220 from the coupling 212.

In embodiments where the disengagement of the sleeve
pull back line 220 from the coupling 212 is preconfigured, the
deployment line 210 and the sleeve pull back line 220 can be
pulled simultaneously by an operator. For example, tension
can be applied to the sleeve pull back line 220 to cause sleeve
retraction. Until the desired amount of sleeve retraction has
occurred, pulling of the deployment line 210 can take up an
offset in length between the deployment line 210 and the
sleeve pull back line 220, and/or apply tension to the deploy-
ment line 210 to release the coupling 212 proximal to but not
past a point of its engagement with the sleeve pull back line
220. Once the desired amount of sleeve retraction has
occurred, release of the coupling 212 will have occurred at a
point of its engagement with the sleeve pull back line 220.

Thus, by selecting an offset in length between the deploy-
ment line 210 and the sleeve pull back line 220 and/or select-
ing an axial position of a point of engagement of the coupling
212 with the sleeve pull back line 220, the relative timing of
when disengagement of the sleeve pull back line 220 from the
coupling 212 occurs, and thus how much the sleeve 200 is
retracted by the sleeve pull back line 220, can be manipulated.

In this regard, releasing the coupling 212 (and deploying
the underlying device) and sleeve retraction can begin at the
same time, but sleeve retraction can cease shortly thereafter
while the device deployment continues. In other embodi-
ments, deploying the underlying device can begin prior to
sleeve retraction. In still other embodiments, deploying the
underlying device can begin after sleeve retraction.

In various embodiments, and turning now to FIG. 3, rather
than being engaged to the coupling 312, the sleeve pull back
line 320 can be engaged to an independent release line 330. In
other words, the coupling 312 in various embodiments does
not serve a dual function of closing the sleeve 300 and secur-
ing the sleeve pull back line 320. Instead, those functions are
performed by separate lines, namely, the deployment line 310
and the release line 330. In this regard, by applying tension to
the deployment line 310, the device can be completely
deployed from the sleeve 300 before the sleeve 300 is
retracted relative to or from the device. Such embodiments
may find particular utility when a system comprises one or
more additional sleeves to enable intermediate device deploy-
ment prior to full device deployment. When disengagement
of the sleeve pull back line 320 from the release line 330
occurs (and thus how much the sleeve 300 is retracted by the
sleeve pull back line 320) can either be determined manually
or be preconfigured in the manners described above.

In various embodiments, a system comprises plurality of
sleeve pull back lines, for example, 2,3, 4, 5, or more, to apply
tension substantially equally about the perimeter of a sleeve.
For example, two sleeve pull back lines can mirror each other
across a sagittal plane through the central axis of the sleeve
100.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the present dis-
closure without departing from the spirit or scope of the
disclosure. Thus, it is intended that the present disclosure
cover the modifications and variations of this disclosure pro-
vided they come within the scope of the appended claims and
their equivalents.

By way of example, while the deployment line has been
illustrated as being outside the sleeve, and the sleeve pull back
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line as being inside the sleeve, either may be completely or
partially outside the sleeve or inside the sleeve, and if inside
the sleeve, either outside the endoluminal device or inside the
endoluminal device.

Likewise, numerous characteristics and advantages have
been set forth in the preceding description, including various
alternatives together with details of the structure and function
of the devices and/or methods. The disclosure is intended as
illustrative only and as such is not intended to be exhaustive.
It will be evident to those skilled in the art that various
modifications can be made, especially in matters of structure,
materials, elements, components, shape, size and arrange-
ment of parts including combinations within the principles of
the disclosure, to the full extent indicated by the broad, gen-
eral meaning of the terms in which the appended claims are
expressed. To the extent that these various modifications do
not depart from the spirit and scope of the appended claims,
they are intended to be encompassed therein.

What is claimed is:

1. An implantable system comprising:

a sleeve having a distal end and a proximal end and con-

figured to constrain an endoluminal device;

a deployment line configured to form a coupling, the
deployment line and coupling being configured to close
the sleeve in constraining the endoluminal device; and

a sleeve pull back line engaged to in a zig zag pattern near
the proximal end of the sleeve, and engaged to the cou-
pling through at least one hole in the sleeve;

wherein applying tension to the sleeve pull back line
retracts the sleeve whereby the zig zag pattern multiplies
the tensile force applied to the sleeve; and

wherein applying tension to the deployment line releases
the coupling and deploys the endoluminal device.

2. The implantable system of claim 1, wherein at least one
hole includes a plurality ofholes, and the sleeve pull back line
is engaged to the sleeve through the plurality of holes in the
sleeve and wherein the sleeve includes an interior portion and
an exterior portion, and the sleeve pullback line is located
along the interior portion of the sleeve prior to engaging the
sleeve and the coupling through the hole.

3. The implantable system of claim 1, wherein the sleeve
pull back line is engaged to the coupling, and wherein apply-
ing tension to the deployment line releases the sleeve pull
back line and breaks the tension therein.

4. The implantable system of claim 1, wherein the sleeve
pull back line is engaged to a release line, and wherein apply-
ing tension to the release line releases the sleeve pull back
line.

5. The implantable system of claim 3, wherein an amount
by which the sleeve is retracted by the sleeve pull back line is
proportional to an offset in length between the deployment
line and the sleeve pull back line.

6. The implantable system of claim 3, wherein an amount
by which the sleeve is retracted by the sleeve pull back line
can be manipulated by selecting an axial position of a point of
engagement of the coupling with the sleeve pull back line.

7. The implantable system of claim 1, wherein the sleeve
pull back line is removeable.

8. The implantable system of claim 1, wherein the sleeve
pull back line is fixedly engaged to the coupling.

9. The implantable system of claim 1, wherein the sleeve
pull back line is moveably engaged to the sleeve through a
hole.

10. The implantable system of claim 1, wherein the cou-
pling is a chain stitch.

11. The implantable system of claim 1, wherein the endolu-
minal device is one of a stent, graft, filter, and valve.
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12. The implantable system of claim 1, wherein the sleeve
is comprised of expanded polytetrafluoroethylene.

13. An implantable system comprising:

a sleeve comprising expanded polytetrafluoroethylene and
constraining a stent or graft, the sleeve including an
interior portion and an exterior portion;

a deployment line configured to form a chain stitch along
the exterior portion of the sleeve, the deployment line
and coupling being configured to close the sleeve in
constraining the stent of graft; and

a sleeve pull back line engaged to the chain stitch and
engaged to the sleeve and the coupling through a plural-
ity of holes in the sleeve in a z-pattern, the sleeve pull-
back line being located along the interior portion of the
sleeve prior to engaging the sleeve and the coupling
through the plurality of holes;

wherein applying tension to the sleeve pull back line
retracts the sleeve whereby the z-pattern multiplies the
tensile force applied to the sleeve;

wherein applying tension to the deployment line releases
the chain stitch and deploys the endoluminal device; and

wherein applying tension to the deployment line releases
the sleeve pull back line and breaks the tension therein
after the chain stitch begins to be released and the
endoluminal device begins to be deployed.

14. An implantable system comprising:

a flexible sleeve for constraining an endoluminal device.
the flexible sleeve including an interior portion and an
exterior portion;

a deployment line configured to form a coupling along the
exterior portion of the sleeve, the deployment line and
coupling being configured to close the sleeve in con-
straining the endoluminal device, wherein applying ten-
sion to the deployment line releases the coupling and
deploys the endoluminal device; and

a sleeve pull back line is coupled to a portion of the sleeve
in a zig zag pattern and the coupling, such that the
portion of the sleeve is retracted in response to selective
tensioning of the sleeve pull back line whereby the zig
zag pattern multiplies the tensile force applied to the
sleeve, and the sleeve pullback line is located along the
interior portion of the sleeve prior to engaging the cou-
pling through the hole.

15. The implantable system of any of claim 14, wherein the
sleeve pull back line is engaged to a release line, such that
applying tension to the release line releases the sleeve pull
back line.

16. The implantable system of any of claim 14, wherein the
sleeve pull back line is operatively connected to the coupling,
such that applying tension to the deployment line releases the
sleeve pull back line.

17. The implantable system of claim 16, wherein an
amount by which the sleeve is retracted by the sleeve pull
back line can be manipulated by selecting an offset in length
between the deployment line and the sleeve pull back line.

18. The implantable system of claim 16, wherein an
amount by which the sleeve is retracted by the sleeve pull
back line can be manipulated by selecting an axial position of
a point of engagement of the coupling with the sleeve pull
back line.

19. The implantable system of claim 14, wherein the sleeve
pull back line is removably coupled to the sleeve.

20. The implantable system as set forth in claim 19,
wherein the coupling is a chain stitch.
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